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Abstract
A pedagogical approach of problem-based learning with embedded
librarianship in several undergraduate mathematics courses is im-
plemented in this educational research. The students are assigned
to work on several projects on various applications of mathemati-
cal topics in daily life and submit written reports. An embedded
librarian collaborates together with the instructor and the students
to improve the students’ information literacy. Initial reaction and
anecdotal evidence show that the students’ information literacy and
academic performance have improved throughout the semesters.
Keywords: problem-based learning, undergraduate mathematics, em-
bedded librarian, library, instructional technology, Kazakhstan
1 Introduction
During an annual state of the national address in Kaza-
khstan on December 15, 2012, the current president of
Kazakhstan, Nursultan Nazarbayev, announced the ‘Kaza-
khstan 2050 Strategy’ [17]. In general, this strategy drives
for political, economic and social reforms to position the
country in the top 30 nations by the year 2050 in term of
economic strength. In addition, in the context of higher
education, based on the president’s initiative himself, an
autonomous research-based university has been founded
in 2010 [20], where the authors of this article are affiliated
and this educational research has been carried out for the
past one year. This university and the related Nazarbayev
Intellectual Schools are dedicated to promote educational
reform in the country. The current university’s president,
Dr. Shigeo Katsu, once indicated that these institutions
are created outside the system in order to reform the cur-
rent, existing system [16].
One aspect of the Kazakhstan 2050 Strategy that has
a particular interest in the context of this article is in
the realm of (higher) education, in particular the mod-
ernization of teaching methods [17]. Motivated by this, as
well as the fact that the traditional style of lecture-based
teaching is far from effective [11], we are interested to shift
the paradigm of higher education from traditional teacher-
centered pedagogy to a student-centered active learning
style. One prime example of this non-traditional teaching
style is to implement problem-based learning (PBL) cou-
pled with embedded librarianship. The focus of this edu-
cational research is on the implementation of PBL in sev-
eral undergraduate mathematics courses served by Depart-
ment of Mathematics, School of Science and Technology
(SST) at Nazarbayev University to the students at both
SST and SHSS (School of Humanities and Social Sciences).
This type of educational research on this collaboration be-
tween an embedded librarian and an instructor for a good
practice of PBL implementation seems novel in the field
of mathematics and science courses. There are, however,
some reports of embedded librarianship in action in other
subjects too. Some examples are in a freshman speech
class [10], in an English Composition class [15], in health
sciences at McMaster University in Canada [28] and the
Ross School of Business at the University of Michigan [23].
This article is organized as follows. The following sec-
tion deals with embedded librarianship. Section 3 dis-
cusses briefly what is meant by the pedagogical approach
of problem-based learning. Some real classroom examples
in several undergraduate mathematics courses are also pre-
sented. Section 4 follows with initial reactions from the
students on the implementation of PBL with embedded
librarianship. Some anecdotal evidences, both qualitative
and quantitative, are also presented in this section. Fi-
nally, Section 5 provides conclusion and remark to our
observation.
2 Embedded librarianship
The onset of new technologies and the students’ approaches
to gain information have dramatically changed work meth-
ods in the academic world as well as in academic libraries.
If in the past the library’s main role is to store the infor-
mation generated by society and to provide people with
access to this information with the help of a librarian,
the situation has changed recently. With the invention of
the Internet, the roles of libraries and librarians have also
shifted from a physical setting to a more virtual environ-
ment. The World Wide Web has assumed the library’s
role as the storage of information and a well-known search
engine Google has assumed the librarians’ role as an ac-
cess provider to this information. At this point, the phrase
“Do not wait until you are asked” is becoming relevant for
academic librarians. The librarians’ role now is to focus on
the users rather than the collection of information. This
includes instruction sessions, library services for teaching
and learning, and support for teaching and research staff.
Embedded academic librarians find ways to embed their
skills and services in physical and virtual environments [4].
The author also describes six characteristics of embedded
librarianships. First, they collaborate with their users.
Second, they form partnerships on the department and
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campus levels. Third, they provide needs based services.
Fourth, they offer convenient and user-friendly services
outside of library settings. Fifth, they become immersed
in the culture and spaces of users. Sixth, they understand
the discipline including the culture and research habits of
their users.
Furthermore, as stated in the Special Libraries Asso-
ciation report, embedded librarianship involves focusing
on the needs of one or more specific groups, building re-
lationships with these groups, developing a deep under-
standing of their work and providing information services
that are highly customized and targeted to their greatest
needs. In effect, it involves shifting the basis of library
services from the traditional, transactional, question-and-
answer model of reference services to one in which there
is high trust, close collaboration and shared responsibility
for outcomes [24].
Motivated by the transformation in information ser-
vices mentioned in the opening paragraphs of this section,
the Nazarbayev University Library has started its pilot
project in Autumn/Fall 2013 to offer faculty the embed-
ded librarian service. This pilot project is conducted to
determine whether the service is useful and practical for
both faculty and students to support teaching and learn-
ing activities. If it turns out positive, this collaboration
service will be continuously implemented in the future and
possibly to be expanded with more faculty being involved.
Although the practice of PBL have been conducted
in several undergraduate mathematics courses, however,
PBL with strong embedded librarian involvement has been
conducted particularly in two different courses, i.e. Dis-
crete Mathematics, and Linear Algebra with Applications,
during Autumn/Fall 2013 and Spring 2014, respectively.
The embedded librarian plays a role in assisting the stu-
dents to complete their PBL assignments and to improve
their information literacy. There are six steps implemented
by the embedded librarian to assist the students in com-
pleting their PBL activities (also known as ‘embedded li-
brarian in action’). Step 1: Embedded librarian conducts
two library in-class sessions. The first session is the in-
struction on how to use library resources for a particular
topic and the second one is an instruction on how to work
with RefWorks citation tool. Step 2: Providing embed-
ded support in Moodle virtual learning environment. This
step includes providing information, instructional presen-
tations on relevant resources and participation in an online
chat. Step 3: Conducting individual tutorials, usually in
the library. This is provided for the students who have
follow-up questions after the library sessions in the class-
room, and for those who might need more detailed ex-
planation on how to progress in their PBL assignments.
Step 4: Evaluation of reference list sources as soon as
the PBL assignments are submitted by students. Step 5:
Analysis of the students’ progress in the use of scholarly re-
sources and their ability to cite them correctly. Step 6: If
necessary, another extra in-class session will be conducted
with detailed explanations of potential mistakes made by
the students and discussion for better presentations.
3 PBL in mathematics courses
Problem-based learning (PBL) is a student-centered ped-
agogy in which students learn about a subject through the
experience of problem solving. It was pioneered by Howard
Barrows and his colleagues in the late 1960s at the medical
school program at McMaster University in Hamilton, On-
tario, Canada. The features of PBL include the students
to enhance their ability to learn both thinking strategies
and domain knowledge, active learning style, small group
collaborative learning, the role of instructor as facilitator:
from a sage on a stage to a guide on the side [18], a prob-
lem forms a basis for learning and the problem stimulates
cognitive process [3]. The are a number of evidences where
PBL model is more superior than the traditional teaching
style. For example, Slovenian students exposed to PBL
are better at solving more difficult mathematics problems
than their counterparts [8]. Middle-school’s performance
in standardized tests is also improving after PBL is im-
plemented [12]. Physicians’ competence after graduation,
including communications skills, are retained [19].
However, there are also criticism toward the PBL style.
Apart from time consuming [13], there is a heavy cogni-
tive load for the learners [25, 26]. It is also found that
PBL is less effective instructional strategy than study-
ing worked examples [27, 7], where the authors conducted
several classroom studies where students studying algebra
problems. Implementing PBL requires lots of resources,
planning and organization [1, 2]. The author also men-
tioned 12 steps that need to be implemented for a success-
ful PBL practice. It is shown that there is no convincing
evidence that PBL improves knowledge base and clinical
performance, at least not of the magnitude that would be
expected given the resources required for a PBL curricu-
lum [6].
Some PBL examples are given as follows.
Example 1 (Keep Astana Clean!)
You are working as a consultant team for the municipal services
of Astana city. During the summer time, sometimes strong
wind carries dust storms into the city, while during the winter
time, the snow envelopes the city. The city council wants to
keep our beautiful city Astana to be clean throughout the year,
in particular from the dust (during the summer) and the snow
(during the winter). Since the city councils would like to save
millions of tenge annually to clean the city, they consult your
team on minimizing the cost. You and your team do not want
to disappoint your boss, so your team proposes some strategies
and reports them to municipal services of Astana regarding the
best approach to handle the situation.
Example 2 (Predator-prey system)
Explore one of the following relationships (choose only one)
between populations of predators and preys: sharks and food
fish, ladybugs and aphids, wolves and rabbits, and other ani-
mals that you find interesting. The related material is a chap-
ter on Introduction to Differential Equations. Model the in-
teraction with differential equations. You may approach the
problem from analytical, numerical, and graphical viewpoints.
Conclude your findings. Provide a well-documented bibliogra-
phy. The bibliography should contain a minimum of 10 peer-
reviewed journal articles. Follow APA (American Psycholog-
ical Society) style for reference list and in-text citation. See
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www.apastyle.org. A good report should contain and explain,
but not limited to, the followings: mathematical model, equi-
librium points, conserved quantity and conservation law, lags
behind, some plots.
Example 3 (Leontief’s model for economy)
Economy of a country is a complicated network of interdepen-
dence. Changes in one part can affect other parts. Economists
(and mathematicians) have attempted to describe and to make
predictions of such complicated relationship using a mathemat-
ical model of system of linear equations. Based on Leontief’s
input-output model, describe the economy of Kazakhstan us-
ing the linear system that you have learned in the class. Make
a maximum five-page report as a three-member team. This
problem is ill-structured, you need to assume something. Pro-
vide a well-documented bibliography to support your report.
Consult the subject librarian if necessary.
4 Some results
4.1 Initial reaction
Implementing good PBL practices in classroom environ-
ments is very challenging. Apart from time consuming,
both inside and outside the classroom settings, they re-
quire plenty of preparation from the instructors’ side. In
addition, the students do not usually expect to solve non-
routine problems during class sessions. When the students
attending classes, generally they prefer to sit down and lis-
ten to the instructor who would tell them something. Fur-
thermore, when the instructor writes essential information
on the board, the students take notes. This is typically
how the traditional-conventional classroom looks. The in-
structor often plays as a sage on the stage.
When the PBL assignments are distributed, some stu-
dents show various reactions. The students may be con-
fused about where and how to start the project. Some
of them are perplexed and doubt whether they have made
particular assumptions in the right direction. They do not
expect to conduct a project assignment in a mathematics
class, which is usually geared toward problem-solving skills
rather than conducting a literature study and writing a re-
search report. In particular, the students majoring in Eco-
nomics with mathematics emphasis have expressed their
concern that they have already many writing assignments
from other humanities and social science classes, so they
prefer to have only practice sessions on problem-solving
instead of PBL sessions.
In connection to working cooperatively with the em-
bedded librarian, the initial reaction from the students is
quite positive. The students through their team represen-
tatives have approached the embedded librarian to utilize
library resources, to locate and select information, and to
include relevant references in their project reports.
4.2 Anecdotal evidence
4.2.1 Qualitative comparison
A qualitative comparison between Discrete Mathematics
and Linear Algebra with Applications classes due to em-
Course Discrete Mathematics Linear Algebra
Semester Autumn/Fall 2013 Spring 2014
Students 18 29
Team 6 9
An average number An average number
Reference of references = 5 of references = 10
list Source: textbooks Library e-resources
contents internet resources Government docs
No library e-resources Reliable statistics
Citation No style APA style
style No proper citation Few proper citation
Difficult to follow Easier to follow
Evaluation Excellent or good: Excellent or good:
8999999 888889999
Table 1: Qualitative comparison between Discrete Mathematics and
Linear Algebra classes due to embedded librarianship.
bedded librarianship is presented in Table 1. This compar-
ison is conducted between two different groups taking two
different classes in two different semesters where embedded
librarian is extensively involved in grading the submitted
PBL assignments. The classes are Discrete Mathemat-
ics and Linear Algebra with Applications, conducted in
Autumn/Fall 2013 and Spring 2014, respectively. It is ob-
served that there was significant improvement between the
former group and the latter one in terms of reference list
contents and citation style. Some possible explanations
for the improvement are clearer specific instructions and
stronger imposed remarks on these aspects.
4.2.2 Quantitative comparison
A quantitative comparison between PBL and non-PBL
groups in two sections of two mathematics courses Cal-
culus 2 and Linear Algebra with Applications is presented
in Table 2. For two Calculus 2 sections, the PBL and non-
PBL groups are both enrolled in Spring 2014. For Linear
Algebra classes, the non-PBL and PBL groups are enrolled
in Spring 2013 and Spring 2014, respectively. The statis-
tical analysis is conducted using the two-sample Welsch’s
t test with an assumption that the populations differ in
variance (σ21 6= σ22). The means and the standard devia-
tions for both classes are taken from the averages of the
two midterm tests and a final exam, where the weight
for the final exam accounts twice of the midterm tests.
It is obtained that the comparisons between two groups
in two different classes of Calculus 2 and Linear Algebra
with Applications, the p-values are very small, 0.0001 and
Calculus 2 Linear Algebra
Group N Mean SD N Mean SD
Non-PBL 34 73.72 10.37 29 63.67 18.17
PBL 30 84.42 10.32 29 75.85 14.21
Calculus 2 Linear Algebra
DF 61 53
|t| 4.130 2.861
p-value 0.0001 0.006
Conclusion very highly significant highly significant
Table 2: Quantitative comparison between non-PBL and PBL
groups in two mathematics courses: Calculus 2 and Linear Alge-
bra. DF indicates the degrees of freedom and |t| means the statistic
value correspond to two-sample Welsch’s t test.
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0.006, respectively. These values suggest that the differ-
ence between non-PBL and PBL groups in terms of aca-
demic performance, in this context indicated by the exam
results, are very highly significant and highly significant,
respectively, for which the PBL groups outperformed the
non-PBL ones in both classes.
5 Conclusion
An educational research on shifting of higher education
paradigm from a traditional-didactic teacher-centered teach-
ing style to a non-conventional student-centered pedagogy
in several undergraduate mathematics courses has been
presented in this article. The approach is by implementing
problem-based learning (PBL) activities with embedded
librarianship, where the instructor, the embedded librar-
ian, and the students work collaboratively in completing
project assignments related to topics covered in particu-
lar classes. The PBL examples are designed with local
contexts and applications in mind. They are challenging
in nature and most of them are ill-structured. Thus, the
students need to brainstorm, discuss, arrive to particular
assumptions, and find relevant literature in order to write
a good PBL report. Even though some initial reactions in-
dicate that this approach is quite demanding and challeng-
ing for all parties, some anecdotal evidences show that the
students’ information literacy, writing skills and academic
performances have improved significantly. More extended
qualitative and quantitative comparisons need to be con-
ducted for future research to confirm the effectiveness of
PBL practice with embedded librarianship.
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